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Data (3 DMe s hD a t a) "f±. 3 D ^ -7 v^t-^- ^ ^Atl t^- ^ AtJ*^ 

^-C-^-Bo AtlS:#^^l 0 3 5ii, 3 D ^ t"'- ^ =lr A:^ §^ 

^fci6(7)GU IliM^ML^ m^-t:ho A^jS^^S 1 0 3 5 :2---¥;e>-eo 

3 D^ y i^^T^-^5'<^^*^A;d=^^tt#lt> ISSi-^o M'^. m.m<D3D^ yi^^r~i$^ 
$ fLT j3 ^ . ^--if {±^Xi^<7) 3 D ^ -7 i X - ^(D^-^^h —(D 3 D ^ >7 v ^ r'- ^ 

[0 0 4 0] 

gO'ltf^^mc^^itfo 2^fTg<7)iflR{±. " [GU I ->S imulationContro 
ller] setMaterialProperty (youngRatio) ""C^^ 
o"setMaterialProperty (youngRatio) "li. U¥r^^k ( 
^y^^m ^Xtl^^i>r-^ Xtlfi^-^'^^o :i^i)-^m-^^^ {^y^^m) fi. 3D^ 

5^i^ ^t^^ifc (-Y^^'^) =^AlJ$-i^'&7t*i»60GU I li^M^#^L'^ S^i~^o ^^^^ 

[0 0 4 1 1 

V 5 ^ V- V 3 1 0 3 El 4 (T^i/ 5 jx ix- 3 > i>:h U ^t'lt^O 3 

a(7)'Iff^^K<^^tfo 3^f Bcolt^fi. " [GUI->Simul at ionContro 
ller] setBoundaryCondition (staticWaterPre 
s s u r e ) "t:~ab^o "setBoundaryCondition (staticWa 
terPressure) mi^'S.^ Xti^^ Xti^T^X-^h o i}^^-^mi\^_^ 

KX^^ X1jS#^^ 1 0 3 5 if7jc)±^All$-ii:^7t*bcoGU IliM^ftiSL. 
-T'So ^t^. 0 3 5(±. ^-^f;6-^(7)#7XJ±(75At/*Stt#tt. 3 Dp< 

tj:}fi)mu(r>mm\^fm-^^^o m.Wi(D^tir~^ mii^'i±.<^r--$') iii^>^T^<Dxti 

[0 0 4 2] 

>X^Z^ ^ :x V- V 3 yl^afP 1 0 3 {±. m 4 <7)-> 5 ^ V- V 3 > V ^itfR(7) 4 

gcD'ltm^^^^tfo 4^fTS<7)'It#{i> " [GUI ->S imulationContro 
ller] setCellDirection (surfaceElements)"c 
^;5.o"setCel IDirection (surfaceElements)"{i. IE 

~^T(}^hmmw.mr~^^&m-t^o p^m^mmmr-^ tit. 1*1^*5 

X y z1j\^^^ h;V (x 1 , Y 1 , z 1 ) <^tf|&^^1-^o 3 D 
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[0 0 4 3] 

v5^V-'>3^^1=Sfl51 0 3{i. |l4<75v5^lx->'3>'v-^V:t1tf|ic7)5<T 
U(D\mW%^^t^o b'ffUC0\mm. " [GU I ->S imulationContro 
ller] setCellModels (cellModels) '"e^^o " s e t C e 
llModels (cellModels) "li. M^7";V7-- ^ % A;^; ^-^^ 

[0 0 4 4] 

V 5 ^ I/- V 3 ymmm i o 3 n 4 ^ ^ i^- v a v timm & -tt 

^(Dmrn^^n^^t^o e^f^fDmrnit. "[SimulationController 
->C ellSimulator] setCellModels (cellModels 
) "-e^^o "setCellModels (cellModels) M^rVVy^^ 

- ^ ^ Ifflia V 5 ^ V - ^ icf^fei- ^ ^i^-e ^ ^ AtJ X - ^ $M7]^-e ^ ^ o ^ A;tJ 7" 

- iJ'^ittg^i^ i ^ . A^b-r'-- 1 0 3 3 ii, m^-r*;V-r- ^ =lr«v 5 :x V 

[0 0 4 5] 

^tr, -> 5 ^ V- V 3 ^WaflJ 1 0 3 i±. [I14<7)v^cL^-v3 >v:i-V^itl|(^7<T 
@(7)tffii*lx^^tfo 7^f SOltf^tt. "[SimulationController 
-CellSimulator] getCellReductionForce (dt, 
1 e n g t h) ""t?^^o "getCellReductionForce (dt, len 

g t h) "It. ^ffliav^^v-^-emrfci-^gpfttc^i-^ d tm^m(Dmmm.mti^_^ 

^v-^{±, d t0#rBimco,fflmiiti^ft»:t. ^oS^x- 

^=^~>5^i/-v3 y «sf [5 1 0 3 izmn-r ^ o ^ (D^^r- ^ itmmumti ^ -e^ 
7=-'- ^ it. mm tti<^^<^m.^^^^irz,r~ ^x^^o 

[0 0 4 6] 

:^iz. 3 ymmmi 0 Sit. !114C0v5^V-V3>i/:?-';:t'Itmc08<T 

xmrn-r^o 'fcioN mm^T^^mmt. sum 

[0 0 4 7] 

^tl. V 5 ^ V- 3 1 0 3 H 4 (7) V 5 ^ l^- v 3 > v-^ U :t1f IR<^ 9 <T 

SO'ltm^l%<^^tfo 9^Tg<7)'Itfli{i. "[SimulationController 
— >FEMS imulator] setSimulationData (Simulat 
i o nD a t a) "X^^o "setSimulationData (Simulat io 
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nData) "li. ^ ^ U- 3 ^ ^mUL. W^^li^^ir ^ Xtjr- 

X^^^fi:ho -h-i)- ^ Xti r- ^ KX^^ v 5 ^ V - v a > - 3^ tJ^^^IS^*^ v 

o 

[0 0 4 8] 

V 5 ^ V 9 1 0 3 H 4 cT) v ^ ^ V- v a > V ^'ltlli<7) 1 0 

^ff S<^'IWfli^tt'^^tfo 1 0#gO'Itflt4> " [S i mu 1 a t i o n C o n t r o 1 1^ 
er->FEMSimulator] setCel IDi rect i on ()_"-e^^o 
setCellDirection () "i±. Ifflfl^lE^iJf^'- ^ ^S:ltvJti-?^7Ft?* ^ At) 

o 

ID 0 4 9] 

^tl, v5 j-V- V 3 1 0 3 114 (7)v5 ^ V- V 3 > v•:^ V ^'lf#ll<7) 1 1 

B<55'l*fR^i%^^2itfo 1 l#a<7)'lt$Rl4. "[SimulationControll 
e r ->FEMS imulator] setCellReductionForce (C 
ellReductionForce) "X^ ;2,o"setCellReductionF 
orce (CellReductionForce) "(4. 

^_ ^ ~> 5 ^ W - V 3 > «S§I5 1 0 3 :ei^ ^ ^TPIS*^ ^ - ;V l::?^ $ tL. ^Pl^*-^ ^ 
[0 0 5 0] 

^l::, ^V-v 3 y^afU 0 3 (4, gl 4 (7) v 5 :x V- v 3 > v"^ U 5f 'l«f&<^ 1 2 
#g<^itf&^i%^i2itfo 1 2^fTgC0lt^(i. "[SimulationControll 
e r ->F EMSimulator] getOrganDeformation (dt)" 
-e^^o"getOrganDeformation (dt) "(4. ^PI^*^ v ^ - ;V 

X^^o ij^ij-hnm-^X"^^ :#P^M*^v^-;^i4. d tB#FBlf^C0)31§?^?f^^ft»:L. ^ 
C0ft»M*=^ V 5 J- V- 3 ^'^HSB 1 0 3 \zm^-f^o 
[0 0 5 11 

^t', i/5iV-->3>«JJSISl 0 3(4. 1114 :x V- V 3 > V ^itflxO 1 3 

#B<7)'|tfR*i%<^^tPo 1 3^f B<7)'|tf|^ii, " [S i mu 1 a t i o n C o n t r o 1 1 
e r — >V isualizer] setOrganDeformation (Organ 
Deformat ion) "Xh'ho "setOrganDeformat i on (Org 
anDeformation) "54. 8»«tir^i-^*-P^M*^~:^'-^ -_^^^tt»M*co 

ti^t^il?, ;tpi^^^v^-;VOv5 ^ V-V3 yM^T-'-a^y&^T^'-^ffiiJfKifn 1 0 2 
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^L-CV^^o =&*3. '>5^V-->3 ^|g*T^-^{±. t 1 9/t 1 6f^^07^-- 

X, y, z) (7)*^T-^^o t^^. ^^itfi. .C.^Ili3D^ v^O^^*(7)^F^^^-r- 

[0 0 5 2] 

T^^tX-l 2, 1 3=ffBO«ii7&5'^-r^S!;S=^M'9^^o -eLT. Mfl<7)»'^'> ^ ^ 1^ 
[0 0 5 3] 

frBO'ltm^W^&tfo v5 i V-~>3 >'v^U :t'|f||l(7) l^TB<7)'It#tc^^o ^LT. 
[0 0 5 4] 

^^-^y;v^t iSfflV7h (Marc) ) Tr^SjT^^tf^o t/^. T^-^J^m^J 

fiSn^pi 0 2 14. ffiffi<^-5im^b^;^-^v^-^ ^ (avs) -e*iti?^#^o t;. ±^^^ 
(D^^nr- ^^mtii-^o 5 ^ v- v 3 ymmm 1 0 3 mmmh<7^w^M-r 

^ ^^^o'v^T, .|:^^ffiiiJCDv^ ^ V-V3 >^^T-9o 75^;6^^ V- 5 ^ 1^- V 3 :/i4. 
[0 0 5 51 

':>X'Lmp^<D]±.-fyifmt ^M.m.i)md^^f^^o ^iutwumi^m^^i^ ]^xu^^^hifi 
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[0 0 5 6 ] 
[0 0 5 7] 

n^^^^-^if -^^ 5 J. V - V 3 i; :t'mm.^mM^^ h \^^m-f^o -h-^ti^h z.)i\t 

[0 0 5 8] 

|5g.?)tL>fev^c: i:(±Hd t-efe'fcv^o 19 Lfc 2 J2J.±c7)^^^ 5 ^ V- ^5'^^p<7)— 
, #(^— <?)V5 ^ l^-^^n°n}±> l!i^O»=^#ffl-r^'>5 ^V-^SI5n°n-e*ofc7{>^ 'fife 

[0 0 5 9] 
[0 0 6 0] 

i V— v 3 > ^^T^^^^ir-S V ^ 1^— y'"!!! A i:^ 3 ;y t: J2- — tc, v^:xV — V3>' 

;|, V 5 ^ V- V 3 iJ^' 9 A ^ ^ ^ 1^ _ ^> 3 > j'n 9 A "C-^ o T 

. mtZ2&.±.(D-y^^V-'^yU'^-^l>,\t^ :x-Hf ^ 7t(±/*5 J;tJ^^ttrtB->^ ^ V- V 3 > 
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- ^ y n 7 A ^ ^^lt#tt ^ 7"'- ^ -r y° ^: . ^ tLT ;g) y ^ ^ V 

- V 3 y V ^ i; ^ 'iff a tc^-c3\^ T , mi 12 T-'- ^#^^-eS It 7=^- ^ =Sr hu IB >^ ? ^ 

i^$St#tt /t 7"'- ^ttflB V 5 ^ V- V 3 ^ '>f- V :t'ltfRt'S^~v^-CtulB7"- ^ tBl) 

^ m ^ - * t -C ^ v^o 
Mfec^«^2) 
[0 0 6 1 ] 

■^mMm^m\^^^^'^. 2m±co^'^^*<^->5 jxv-^j^^Bfn^fijfflL-c. mn'^^^ 

[0 0 6 21 

^«I*'>5 ^^-'>3 ^'-r^o ^ V-V3 >l=Sf|5{±> i^#M^*KOfflE#fflT' 

t |5m±^ ^ (^ffiSfPffl <7)v^j:i.V-->3> =Sr prig i;-^- * o 
[0 0 6 3 1 

i V-S/ 3 ^^gii. 2m±c75M** v5 ^ V-^f^p°n (10 1 (1) > 10 1 (2 
) •••101 ( n ) ) . X- ^ tBtlfI5p°R 802. v5:xV-v3 >'l=Sfl5 103. v 5 

^ v-->3 ^^z^'; ^tffRA:fj$#fU 0 4. v5 3 ^'!t#«^^ 1 0 

5. ffl:^7"-i5'S:Wl 0 6. X*7"-^^*SI5 1 0 7. X1or-^mtin \ 0 8 =lr*# 
i-;i)o ^ V-^f|5n°nOff-^ti. It^fLT. 1 0 1 1 1" ^ =fc ^ ^ o 

■7^--3^miJfPp°p8 0 2\±. tBtir-^^ft^ai 0 2 1. A;^:7='-^l3i##^8 0 2 1 
. tii;tj^^8 0 2 2 ^^m-f^o 
[0 0 6 41 

Atl 7"- ^ WM^^ 8 0 2 1 (±. 1 \>X±.(ry V 5 ^ 1/ - ^ f|5p°n 1 0 1 ^(DXti t"- ^ 
#-t^o A^JT^^-^^^mtf^^S 0 2 1 ^ V-^f|5p°n 1 0 1 iJ^hW^^^XIO-r-^ 

=^|X#LT^>^V^L. v5 ^V-V3 1 0 3 ^^fiLTA;fjx-^^lX#L-C^> 

^V^o BI8<7)'^n';^^'|Illl*3V^-C. A:^'r-i5'lX##^8 0 2 1 ~>5iV--> 

3>1=M1 0 3 =^^ffiLTA:tJx-^^m#1-^«i^"^^*^o A^J-r-^W##^8 0 
2 1(±. MPU^^^U^^-?5^m$^^#^o AilT^^-^^Xtf^^S 0 2 1 <^^a 

[0 0 6 51 

mt7#^8 0 2 2}i. m^J7"-iS'S#^^l 0 2 1 :*«S:lt#ltfcm*7"- A^br^- 
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^m%^^s 0 2 1 i^mnLfzxijr- y ^nK-L-^mm-t :h o mti^^s o 2 2:^5.1^^ 
a-t. MPu^^^';^75^^*ia§^i#^o mti^^s 0 2 2ojsLa#iiii{i. s-sr^ v7 

[0 0 6 6 ] 

^0 0 6 7] , ^ ^ 

A:*: * ^km-r *o 2o(7)mti7"-i5'=^j:b^Lr ^am l t =sr m if -r ^ 
> s-t, MP u^^-=&i;#5&^e>*ia$:}x#^o xtir-^^m^i o 7 <^^s^Jiiii±^ s 

[0 0 6 8 1 

;^^^^'_^til^3f|5 1 0 Sii. Xtir-^^mUl 0 7:*m*L7tA^JT'-^^m:^J-t^ 

mi/rV^MX<7) K9-f ^^'-y-^ hS/iii. tUtJ-rV^M ;^ <7) F7 z^-- y y h t ffi^y" 
[0 0 6 9] 

*M<7)ff^SlT:-m0^Lfcv5^l--i'3y^eti:bicLT, v^:x^-v3y|g 

^ifi^i^ffzmtjr-^ K^ULfzmtir-i^ tMiz^^^xtir-^^mmir^o x 
:jjr-^mti^i 0 Sit. xtir-^mm^i 0 7i}mmi^f^xtsr~'^^mtiir^o ^- 

[0 0 7 0] _ 
<g>„ 5 ^ V- V 3 yiyf-v tmmm^^ i o 3 i i-m 4 iCTj^-r-y ^ ^ v-~y 3 y 

^^^A:^$a'&o -et-c. ^Mco^F^Bi-e^^f^-y^ :x v-~y 3 yT^•-^J'^^ ±.^i<oxtJ^ 
-y 3 yM*-e^^m:tiT'-^ (^/? ^ v-~y 3 y-r*-^) *MT-;fr-r;i.«<^ vn- 

[0 0 7 1 ] 
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[0 0 7 2] ^ 

10 0 7 3 1 ^ 

2 V ^ ^ V- ^ A43 J: r/ttriax- ^ ffitJ7°n ^^--7 A oF^cot^-- ^ (O 

^y-n^'^ A-^-^o-C. ifll5 2m±<^~>5^V-i5'-7'ni5''7A{4. - -if t 14/43 i l^' 

[zLxmm'r^iiiti:^7-y^^^mL. ttriBv^^i^-v3>'i=a7°n^'-7At±. ^§52 
5 ^ V _ ~> 3 ^> ^ :t 'itfH tc^cj- v> -c . triBT-- ^ Sft^^-c^^ tt# It r~^^m 

7^- ^ i::iam L/^ mt] t^'- 3^ t >fc ^ - ^ =Sr1tS-r ^ AtJ 7"- 7- 7° t 

[0 0 7 4] 

[0 0 7 5 1 

[I1I21 |WI^#:~>5 ^V-->3 ^^■S<7)l|jfpicov>Ti^H^i-^7n--^-Y- h 
[US] IW|v5 ^ >l=llf|50lij{^l3ov^Tm951"^7n--^-Y- h 

[115] |WIv^ jxV-v 3 >(D ^^'^11=1:^1-111 
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[0 0 7 6] 

10 1 ^ U~^W>ph 

1 0 2 . 8 0 2 -r-^mtJUm 

103 ->5^V-^/3 >l=Sf[5 

10 4 V ^ ^ - ~> 3 > V :h V :^-'|f fl^AtlS:#SI5 

10 5 5 i V- v- 3 > ->-^- V :e-'lf Mas 

1 0 6 {±itl-r-^$#fl5 

1 0 7 Atl7-'-i5^^^mfl5 

10 8 At)7"-i5'ai;tJfl5 

•10 11 

10 12 

10 13 m^r~^mti^^ 
10 2 1 miJ-r'-^^##^ 

1022. 8022 mtl#^ 

10 3 1 -> 5 ^ V 3 > ->-^ V :t'ItM»¥^ 

1 0 3 2 -r-^ 

1 0 3 3 A;tl-r-^$ilt^m 

1 0 3 4 mtsr-^^m^^ 

1 0 3 5 A:^j^#¥^ 

1 0 3 6 

8 0 2 1 xtir-^Mn^^ 
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mm 

imii 



101 (1) 



101 1 



1012 



1013 



101 (2) 



101 (N) 



^101 1 



101 2 



10 



^ 

^101 1 



1013 



,103 



^1036 



.1032 



1035 



1034 



-si 



1033 



as 



031 
V 



✓ 105 



104 



102 



/I 02 



I /I 022 



J. 
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[112] 



S201 






S 21Q ^ 



S211 



S2 15'f 



S216 



S220 



S 217 



tti^T-*— ^ 

S221 ^ 



S212 



CD 



® 



I 



II1I31 



S201 





S 210 

3) 



S301 



S220 ^ ~ 
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[1214] 



1 ) [GUT— >SiTnulationController]setMeshDataC3D\feshData) 

2 ) IGUl — > SiimilatioiiControllerj£etMaTerialProperty(yoimgRatio) 

3 ) [GUI — > SiimilatioiiControllerl&etBoundm>Coiidition(staticWaterPl-essure) 

4) [GUI— >SimulationControllcr]sctCclIDircction(surraccElomcnts) 

5) [Gin — >SiTnulationController]setCellModels(cellModels) 

6) [SimulationController— >CellSimiilatorJsetCellModels(cellModels) 

7 ) [SiiimlationCoiiti-ollei— CellSimulatorlgetCellReductioiiF orce(dt Jength) 

8) loop (7) 

9 ) [SimiilationConTroller — >FEMSimiilator]setSiinuiationData(Simula1:ioiiData) 
1 O) [SunulatioiiController— >l-miSkmilatorJsetCellDirection^ 

1 1 ) [SunulationController->FKMSiimilatorjsetCellReductioiiForce(CellRediJ 

1 2) [SmmlationController-->FEMSiimilator] getOrgaaDefoniiatiou(dt) 

1 3) [SiTnulaLumConlrolkr— >Visualr/cr]soLOrganDcron-nati(>ri(OrganDcrorrnatioTi) 

14) loop (12, 13) 

1 5) goto (1) 
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1012 
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^101 1 
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1012 
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A 03 6 



1032 



1 035 



1034 
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y 1 05 



104 



802 



1021 



/8022 ^ 

^802 1 ^ 



106 



107 



108 
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